introduction {#mdw282_s1}
============

The phosphatidylinositol 3-kinase (PI3K)/serine/threonine kinase (AKT)/mammalian target of rapamycin (mTOR) pathway regulates cellular growth and survival, and is constitutively activated in many cancers \[[@MDW282C1], [@MDW282C2]\]. PTEN negatively regulates the PI3K/AKT/mTOR pathway, although PTEN activity is frequently lost in cancer, leading to constitutive pathway activation and tumorigenesis \[[@MDW282C3]\]. Over-activation of PI3K signaling by receptor tyrosine kinase activation or mutation of PI3K isoforms is also observed in many cancers \[[@MDW282C4]\]. Several PI3K inhibitors, most of which are orally administered, either with broad activity against all PI3K isoforms or selectivity for specific isoforms, are in development or have been recently approved for clinical use in a range of solid tumors, and lymphomas \[[@MDW282C5]--[@MDW282C13]\].

Copanlisib (BAY 80-6946; Bayer Pharma AG, Berlin, Germany) is a novel, intravenous, potent, highly selective, pan-class I PI3K inhibitor with preferential activity against the p110α and p110δ isoforms, compared with the p110β and p110γ isoforms (IC~50~ values of 0.5, 0.7, 3.7, and 6.4 nmol/l, respectively) \[[@MDW282C14]\]. Copanlisib has demonstrated potent anti-tumor and pro-apoptotic activity in various tumor cell lines and xenograft models \[[@MDW282C15]\].

Herein, we report on the safety, tolerability, pharmacokinetics, and maximum tolerated dose (MTD) of intravenous copanlisib in patients with advanced solid tumors. Evaluations included biomarkers, pharmacodynamic parameters, and tumor response. Copanlisib was further evaluated in predefined cohorts of patients with non-Hodgkin\'s lymphoma (NHL) and solid tumors, the latter including patients with tumors bearing *PIK3CA* mutations, and a cohort of patients with solid tumors and type 2 diabetes mellitus.

patients and methods {#mdw282_s2}
====================

study design {#mdw282_s2a}
------------

The primary objective of this study was to determine the safety, tolerability, pharmacokinetics, and MTD of copanlisib administered once weekly for 3 weeks every 28 days as a 1-h intravenous infusion in patients with advanced solid tumors and, in the MTD expansion cohort, NHL. The secondary objectives were to: evaluate biomarkers, pharmacodynamics, and tumor response in patients treated with copanlisib; assess, in the MTD cohort, indications of tumor-specific pharmacodynamic effect and signs of clinical benefit in a patient population selected for high likelihood of PI3K pathway activation; and assess the safety of copanlisib treatment in patients with type 2 diabetes mellitus.

Patients received a single intravenous infusion of copanlisib over 1 h on days 1, 8, and 15 of a 28-day cycle. Patients fasted for 8 h before and 3 h after the start of copanlisib infusion on cycle 1, day 1, after which they received food. An initial accelerated titration design was used, with one patient assigned per dose level until the occurrence of predefined pharmacodynamic or safety events (increase in plasma glucose ≥50 mg/dl from baseline and/or increase in plasma insulin ≥2 times the baseline value within 2 h of completion of infusion, or copanlisib-related grade three toxicity, in one patient each). A modified 3 + 3 design was adopted thereafter, with three patients enrolled per dose level and three additional patients enrolled if a dose-limiting toxicity (DLT) was observed in the first three patients, or if there was evidence of tumor-specific pharmacodynamic effects, including changes in \[^18^F\]-fluorodeoxyglucose positron emission tomography (^18^FDG-PET) or tumor shrinkage in the first three patients. Dosing started at 0.1 mg/kg, escalating by 100% in successive cohorts until the observation of a DLT (see [supplementary materials, available at *Annals of Oncology* online](http://annonc.oxfordjournals.org/lookup/suppl/doi:10.1093/annonc/mdw282/-/DC1)). The MTD was defined as the highest dose that could be given to six patients such that no more than one patient (\<33%) experienced a DLT. Copanlisib was continued until disease progression or until the treating physician felt that the risk:benefit assessment was no longer favorable. In the interest of safety, patients in the expansion cohort of solid-tumor patients with type 2 diabetes mellitus were planned to be treated one dose level below the MTD.

patients {#mdw282_s2b}
--------

Patients aged ≥18 years with a histologically or cytologically confirmed diagnosis of an advanced and/or refractory non-hematologic malignancy were eligible. Patients in the MTD expansion phase had to have a histologic diagnosis of either NHL (6--12 patients) or a solid tumor (24 patients). At least eight patients with solid tumors bearing *PIK3CA* mutations were to be enrolled in the MTD expansion phase. An additional expansion cohort of six diabetic patients with solid tumors was enrolled to evaluate the safety of administration of copanlisib to patients with type 2 diabetes mellitus. Further eligibility criteria and exclusion criteria are provided in the [supplementary materials, available at *Annals of Oncology* online](http://annonc.oxfordjournals.org/lookup/suppl/doi:10.1093/annonc/mdw282/-/DC1).

assessments {#mdw282_s2c}
-----------

Following screening (see [supplementary materials, available at *Annals of Oncology* online](http://annonc.oxfordjournals.org/lookup/suppl/doi:10.1093/annonc/mdw282/-/DC1)), assessments included tumor assessment, evaluation of urine and serum ketones, and measurement of hemoglobin A1c and plasma and blood glucose levels. Safety \[including adverse events (AEs)\] was assessed at planned times during each cycle and during follow-up. Serial plasma samples for single-dose and steady-state pharmacokinetic evaluation of copanlisib were collected on days 1 and 15 of cycle 1, after the start of copanlisib infusion; additional samples were collected on cycle 3, day 15 from patients in the MTD expansion phase. Plasma glucose was measured pre-dose on cycle 1, day 1 and at each pharmacokinetic assessment. Plasma insulin was measured pre-dose on cycle 1, day 1 and at 1, 2, and 3 h after the start of copanlisib infusion. As elevated blood glucose was expected based on the known profile of PI3K/AKT pathway inhibitors \[[@MDW282C7], [@MDW282C16]--[@MDW282C18]\], the use of short-acting insulin was recommended for the management of blood glucose \>200 mg/dl post-infusion for non-diabetic patients. Whole-body ^18^FDG-PET scans were carried out at baseline and at 48--72 h after the first dose to assess early pharmacodynamic effects of copanlisib. Response was assessed by investigator assessment using modified Response Evaluation Criteria in Solid Tumors (RECIST) version 1.1 in patients with solid tumors and by investigator assessment using the International Working Group response criteria for lymphoma in NHL patients \[[@MDW282C19]\]. Biomarker assessments, along with statistical analysis, are described in the [supplementary materials, available at *Annals of Oncology* online](http://annonc.oxfordjournals.org/lookup/suppl/doi:10.1093/annonc/mdw282/-/DC1).

results {#mdw282_s3}
=======

baseline demographics and disease characteristics {#mdw282_s3a}
-------------------------------------------------

Sixty-eight patients were enrolled; 57 received treatment and 11 did not complete screening. Seventeen patients with solid tumors were enrolled in the dose-escalation cohorts (Table [1](#MDW282TB1){ref-type="table"}): one at 0.1 mg/kg; three at 0.2 mg/kg; three at 0.4 mg/kg; seven at 0.8 mg/kg; and three at 1.2 mg/kg. Twenty-five patients were enrolled in the solid-tumor expansion cohort (0.8 mg/kg), nine in the NHL expansion cohort \[0.8 mg/kg; six with follicular lymphoma (FL) and three with diffuse large B-cell lymphoma (DLBCL)\], and six patients in the diabetic cohort (0.4 mg/kg).Table 1.Baseline patient demographics and disease characteristicsDose escalation (*n* = 17)Expansion cohortsTotal (*n* = 57)Solid tumors\
0.8 mg/kg (*n* = 25)NHL\
0.8 mg/kg (*n* = 9)Diabetic\
0.4 mg/kg (*n* = 6)Median age, years (range)62 (35--86)61 (33--81)72 (40--84)67 (46--71)65 (33--86)Males, *n* (%)7 (41)4 (16)4 (44)5 (83)20 (35)ECOG performance status, *n* (%) 05 (29)7 (28)2 (22)4 (67)18 (32) 111 (65)15 (60)5 (56)2 (33)33 (58) 21 (6)3 (12)2 (22)06 (11)Any prior systemic therapy, *n* (%)16 (94)24 (96)9 (100)6 (100)55 (97)Median number of prior systemic therapies (range)3 (0--7)4 (0--14)3 (1--8)4 (2--6)4 (0--14)Prior therapies, *n* (%) Rituximab^a^1 (6)09 (100)010 (18) Bendamustine004 (44)04 (7) PI3K/mTOR inhibitor02 (8)2 (22)04 (7)Prior radiotherapy, *n* (%)9 (53)13 (52)3 (33)2 (33)27 (47)Cancer diagnosis, *n* (%) Breast016 (64)0016 (28) NHL009 (100)09 (16) Uterine2 (12)3 (12)005 (9) Gastric/esophageal3 (18)2 (8)01 (17)6 (11) Bladder1 (6)2 (8)01 (17)4 (7) Pancreatic3 (18)0003 (5) Ovarian02 (8)01 (17)3 (5) NSCLC1 (6)002 (33)3 (5) Melanoma1 (6)0001 (2) Colon1 (6)001 (17)2 (4) Other5 (29)0005 (9)[^1][^2]

The median age was 65 years and 97% of patients had received prior systemic anti-neoplastic therapy (Table [1](#MDW282TB1){ref-type="table"}). Breast cancer (28%) and NHL (16%) were the most common malignancies. Seven NHL patients (78%) had advanced-stage disease at study entry (Ann Arbor stage III or IV) and all nine (100%) had received prior rituximab (Table [1](#MDW282TB1){ref-type="table"}). One diabetic patient was on insulin therapy at screening and all six received oral anti-diabetic treatment at study entry (four with metformin and two with glibenclamide).

Tumors harboring PI3K pathway activation \[via *PIK3CA* mutation (detected in circulating tumor DNA and/or tumor tissue) and/or PTEN protein loss\] were observed in 27 patients, 12 of whom had *PIK3CA* mutation and 19 had loss of or low (\<5% of tumor cells) PTEN expression (Table [2](#MDW282TB2){ref-type="table"}). Eight patients had *KRAS* mutations and one patient had a *BRAF* mutation.Table 2.Baseline tumor molecular statusDose escalationSolid-tumor expansionNHL expansionDiabeticTotal*PIK3CA* mutational status in ctDNA^a^, *n* (%)* n*17259657* PIK3CA* mutation07 (28)01 (17)8 (14)* PIK3CA* wild type17 (100)18 (72)9 (100)5 (83)49 (86)*PIK3CA* mutational status in tumor tissue^a,b,c^, *n* (%)* n*5227438* PIK3CA* mutation1 (20)8 (36)01 (25)10 (26)* PIK3CA* wild type4 (80)14 (64)7 (100)3 (75)28 (74)*PIK3CA* mutational status in ctDNA and/or tumor tissue^a,b,c^, *n* (%)* n*17259657* PIK3CA* mutation1 (6)10 (40)01 (17)12 (21)* PIK3CA* wild type16 (94)15 (60)9 (100)5 (83)45 (79)PTEN expression status by IHC in tumor tissue^d^, *n* (%)* n*187328* *PTEN lossND9 (50)1 (14)2 (67)12 (43)* *Low PTENND3 (17)4 (57)07 (25)* *No PTEN lossND6 (33)2 (29)1 (33)9 (32)PI3K activation status^a,b,c^, *n* (%)* n*17259657* *Activation1 (6)18 (72)5 (56)3 (50)27 (47)* *No activation detected16 (94)7 (28)4 (44)3 (50)30 (53)*KRAS* mutational status in ctDNA and/or tumor tissue^a,b^, *n* (%)* n*17225650* KRAS* mutation3 (18)2 (9)03 (50)8 (16)* KRAS* wild type14 (82)20 (91)5 (100)3 (50)42 (84)*BRAF* mutational status in ctDNA and/or tumor tissue^a,b^, *n* (%)* n*17225650* BRAF* mutation1 (6)0001 (2)* BRAF* wild type16 (94)22 (100)5 (100)6 (100)49 (98)[^3][^4][^5][^6][^7]

copanlisib treatment and MTD {#mdw282_s3b}
----------------------------

Patients received a median of two treatment cycles (range, 1--49) of copanlisib, and the median duration of treatment was 6 weeks (range, 0.1--2051). Patients in the solid-tumor expansion cohort received a median of 2 treatment cycles (range, 1--14) and patients with NHL received 10 (range, 1--49); one patient with FL was treated for 47 months, and as of 26 February 2016, the last patient with FL went off study after having been treated for \>43 months.

One patient (male, 65 years old) with metastatic colon carcinoma in the 1.2 mg/kg dose-escalation cohort experienced multiple DLTs of grade 3 increased alanine aminotransferase, grade 4 increased aspartate aminotransferase, grade 4 hyperglycemia with lactic acidosis, anion gap and increased serum ketone, and grade 3 left ventricular systolic dysfunction, starting on the day of the first copanlisib infusion. Copanlisib was discontinued and the cardiac dysfunction resolved within 7 days. Due to the nature and severity of the events at the 1.2 mg/kg dose seen for this patient, this dose was considered toxic and the MTD was defined as 0.8 mg/kg copanlisib. Two other patients were concurrently enrolled in the 1.2 mg/kg cohort, one of whom had not yet received the planned dose and one who had received a single dose at 1.2 mg/kg with no DLTs. Both patients then received 0.8 mg/kg during the first treatment cycle. There were no DLTs in the 0.8 mg/kg dose-escalation cohort. Grade 3 or 4 drug-related events reported in the 34 patients of the expansion cohorts at 0.8 mg/kg, and which would have fulfilled the DLT criteria used in the dose-escalation phase, did not lead to permanent discontinuation of copanlisib (Table [3](#MDW282TB3){ref-type="table"}).Table 3.Summary of adverse events possibly related to study drug*n* (%)Dose-escalation cohortsExpansion cohortsTotal (*n* = 57)Cohort 1\
0.1 mg/kg (*n* = 1)Cohort 2\
0.2 mg/kg (*n* = 3)Cohort 3\
0.4 mg/kg (*n* = 3)Cohort 4\
0.8 mg/kg (*n* = 7)Cohort 5\
1.2 mg/kg (*n* = 3)Solid tumors\
0.8 mg/kg (*n* = 25)NHL\
0.8 mg/kg (*n* = 9)Diabetic\
0.4 mg/kg (*n* = 6)Any drug-related AE^a^1 (100)3 (100)2 (67)7 (100)3 (100)20 (80)8 (89)5 (83)49 (86)Drug-related AEs of grade 3 or 4 Grade 302 (67)1 (33)4 (57)2 (67)12 (48)5 (56)3 (50)29 (51) Grade 400001 (33)01 (11)02 (4)^b^Drug-related AEs in ≥10% of patientsAllGrade 3AllGrade 3AllGrade 3AllGrade 3AllGrade 3AllGrade 3AllGrade 3AllGrade 3AllGrade 3^c^ Hyperglycemia001 (33)01 (33)07 (100)4 (57)3 (100)1 (33)15 (60)8 (32)8 (89)3 (33)1 (17)1 (17)36 (63)17 (30) Nausea003 (100)0001 (14)01 (33)07 (28)07 (78)02 (33)021 (37)0 Hypertension00001 (33)1 (33)1 (14)0005 (20)2 (8)3 (33)3 (33)2 (33)2 (33)12 (21)8 (14) Diarrhea002 (67)1 (33)001 (14)0002 (8)03 (33)01 (17)09 (16)1 (2) Rash/desquamation00000000006 (24)2 (8)2 (22)1 (11)1 (17)1 (17)9 (16)4 (7) Vomiting001 (33)0001 (14)01 (33)03 (12)01 (11)0007 (12)0 Fatigue001 (33)00000002 (8)03 (33)0006 (11)0 Oral cavity mucositis001 (33)00000002 (8)03 (33)0006 (11)0[^8][^9][^10][^11]

safety {#mdw282_s3c}
------

All patients experienced at least one treatment-emergent AE, regardless of causality ([supplementary Table S1, available at *Annals of Oncology* online](http://annonc.oxfordjournals.org/lookup/suppl/doi:10.1093/annonc/mdw282/-/DC1)). AEs possibly related to the study drug occurred in 49 patients (86%) (Table [3](#MDW282TB3){ref-type="table"}). The most common (≥20%) drug-related AEs (all grades) included hyperglycemia (63%), nausea (37%), and hypertension (21%) (Table [3](#MDW282TB3){ref-type="table"}). The most common drug-related grade 3 AEs were hyperglycemia (30%), hypertension (14%), and rash (7%). Grade ≥3 diarrhea occurred in one patient; one case of grade 2 colitis (not drug-related) occurred in the 1.2 mg/kg cohort in a patient with a history of radiation enteritis. Grade 4 thrombocytopenia occurred in one patient but was not considered drug-related. Two patients (4%) experienced a total of three drug-related grade 4 AEs: hyperglycemia and increased aspartate aminotransferase in one patient (DLTs) and elevated serum amylase in another patient. Laboratory aspartate aminotransferase and alanine aminotransferase findings are summarized in the [supplementary materials, available at *Annals of Oncology* online](http://annonc.oxfordjournals.org/lookup/suppl/doi:10.1093/annonc/mdw282/-/DC1).

There were 41 grade 3 AEs and 1 grade 4 AE regardless of causality, of which the most common (≥5%) was hyperglycemia (32% grade 3; 2% grade 4) (s[upplementary Table S1, available at *Annals of Oncology* online](http://annonc.oxfordjournals.org/lookup/suppl/doi:10.1093/annonc/mdw282/-/DC1)). There were seven (12%) grade 5 AEs, none of which was considered drug-related (see [supplementary Table S2 for details, available at *Annals of Oncology* online](http://annonc.oxfordjournals.org/lookup/suppl/doi:10.1093/annonc/mdw282/-/DC1)). There were two cases of drug-related grade 3 non-infectious pneumonitis and one case of grade 3 viral pneumonitis not considered drug-related; further details are provided in the [supplementary materials, available at *Annals of Oncology* online](http://annonc.oxfordjournals.org/lookup/suppl/doi:10.1093/annonc/mdw282/-/DC1). Serious drug-related AEs occurred in six patients (11%): left ventricular systolic dysfunction (grade 3 DLT), chest pain, hypertension, and hyperglycemia (in one patient each), and pneumonitis (in two patients).

Dose modifications (delays, interruptions, and reductions) caused by drug-related AEs occurred in 14 patients (25%). The primary reasons for discontinuation included disease progression, as assessed by radiological measurement (*n* = 26) and clinical progression (*n* = 12). Four patients discontinued because of AEs. There was one drug-related AE leading to permanent discontinuation (the DLT of left ventricular systolic dysfunction). No patient discontinued the study because of hyperglycemia, and elevated blood glucose was not observed upon discontinuation of copanlisib.

Peak plasma glucose values were observed 5--8 h after the start of copanlisib infusion on cycle 1, day 1 followed by a decline to baseline levels by the time of the next infusion ([supplementary Figure S1A, available at *Annals of Oncology* online](http://annonc.oxfordjournals.org/lookup/suppl/doi:10.1093/annonc/mdw282/-/DC1)). Thirty-three of the 51 non-diabetic patients (65%) received at least 1 dose of short-acting insulin to manage blood glucose values \>200 mg/dl (per protocol). There was no tendency for increased pre-dose glucose values over time, and no patients developed diabetic ketoacidosis during the study.

A similar transient pattern of elevated blood glucose post-infusion was seen for the cohort of six diabetic patients treated with 0.4 mg/kg copanlisib, all of whom received insulin following the first copanlisib infusion. AE incidence in this small cohort was similar to that seen in non-diabetic patients; there were four drug-related grade 3 AEs in three patients: hypertension in two patients, and hyperglycemia and rash/desquamation in one patient each.

Hemoglobin A1c levels changed only modestly over the course of copanlisib treatment ([supplementary Table S3, available at *Annals of Oncology* online](http://annonc.oxfordjournals.org/lookup/suppl/doi:10.1093/annonc/mdw282/-/DC1)). Post-infusion increases in blood pressure peaked at 1--2 h, and resolved within 24 h post-infusion ([supplementary Figure S1B and Table S4, available at *Annals of Oncology* online](http://annonc.oxfordjournals.org/lookup/suppl/doi:10.1093/annonc/mdw282/-/DC1)).

pharmacokinetics {#mdw282_s3d}
----------------

Following administration, copanlisib typically reached maximum plasma concentration (*C*~max~) between 0.5 and 1 h (Table [4](#MDW282TB4){ref-type="table"}), followed by a rapid, multiphasic, then slow decline in the plasma concentration--time profiles up to 168 h (Figure [1](#MDW282F1){ref-type="fig"}). Copanlisib geometric mean *C*~max~ and area under the curve from time zero to 25 h after the start of infusion \[AUC~(0--25)~\] increased dose-proportionally between 0.1 and 1.2 mg/kg, with moderate to high variability, with coefficients of variation of ∼30--50%. At the MTD (0.8 mg/kg), inter-patient variability was moderate to high (73% for *C*~max~; 47% for AUC). The terminal half-life was 38.2 h (coefficient of variation 43%), and no accumulation was observed after once-weekly administration (Table [4](#MDW282TB4){ref-type="table"}; Figure [1](#MDW282F1){ref-type="fig"}). The trough levels of copanlisib on cycle 1, day 8 were 4.92 µg/l (range, 2.74--23.0).Table 4.Copanlisib pharmacokinetic parameters in cycle 1Dose-escalation cohortsExpansion cohortsMTDCohort 1\
0.1 mg/kg (*n* = 1)Cohort 2\
0.2 mg/kg (*n* = 3)Cohort 3\
0.4 mg/kg (*n* = 2)Cohort 4\
0.8 mg/kg (*n* = 7)Cohort 5\
1.2 mg/kg (*n* = 3)Solid tumors\
0.8 mg/kg (*n* = 25)NHL\
0.8 mg/kg (*n* = 9)Diabetic\
0.4 mg/kg (*n* = 6)0.8 mg/kg combined (*n* = 41)Day 1 *C*~max~, µg/l (%)^a^32.979.8 (38.0)143--144293 (16.5)616--739^b,c^537 (82.7)402 (58.5)138 (36.7)454 (73.3) *t*~max~, h (range)^a^0.51.1 (0.5--1.1)0.5--1.11.1 (0.8--1.2)0.6--1.3^b,c^1.0 (0.5--3.0)1.0 (0.5--1.0)1.0 (1.0--1.2)1.0 (0.5--3.0)^d^ AUC~(0--25)~, µg × h/l (%)^a^170384 (29.4)348--5561595 (25.6)2508--3821^b,c^1689 (46.7)1353 (36.8)607 (43.6)1593 (41.9) AUC~(0--tlast)~, µg × h/l (%)^a^254472 (22.0)722--14492943 (45.9)4088--5234^b,c^2918 (47.2)2713 (50.3)1070 (66.2)2876 (46.5) *t*~last~, h (range)^a^48.648.4 (25.0--49.0)167.8--170.2142.5 (25.0--192.0)29.3--167.2^b,c^118.5 (46.4--194.2)167.0 (47.3--191.9)49.0 (48.9--167.4)142.5 (25.0--194.2)^e^ *t*~1/2~, h (%)NCNC60.6^f^42.3 (28.6)^g^33.0^f^36.9 (47.8)^h^38.9 (41.3)^i^34.4 (138)^b^38.2 (42.5)^j^Day 15 *C*~max~, µg/l (%)^a^37.689.4 (26.5)70.1--193370 (29.8)^k^--477 (76.4)^l^507 (52.2)^i^151 (23.4)463 (64.4)^m^ *t*~max~, h (range)^a^0.51.0 (1.0--1.2)0.5--1.11.0 (0.5--1.1)^k^--1.0 (0.5--1.3)^l^0.8 (0.5--1.0)^i^1.0 (0.5--1.1)1.0 (0.5--1.3)^m^ AUC~(0--25)~, µg × h/l (%)^a^175453 (14.4)324--8031484 (22.3)^k^--1525 (39.7)^n^1761 (46.3)^i^687 (36.0)1569 (38.4)^o^[^12][^13][^14][^15][^16][^17][^18][^19][^20][^21][^22][^23][^24][^25][^26][^27]Figure 1.Geometric mean (standard deviation) plasma concentration--time profiles for copanlisib at the maximum tolerated dose expansion dose (0.8 mg/kg) on cycle 1 (at the 96-h time point, samples were collected 72--120 h following the start of infusion), day 1 (A), cycle 1, day 15 (B), and cycle 3, day 15 (C). NHL, non-Hodgkin\'s lymphoma.

pharmacodynamics {#mdw282_s3e}
----------------

Fifty-three patients (93%) experienced a predefined pharmacodynamic effect following the first copanlisib infusion. Copanlisib exposure \[AUC~(0--25)~\] correlated with plasma glucose levels; an almost linear increase in maximum changes from baseline was observed up to a plasma AUC~(0--25)~ of ∼1000 µg/l, with increasing variability at higher exposure levels ([supplementary Figure S2, available at *Annals of Oncology* online](http://annonc.oxfordjournals.org/lookup/suppl/doi:10.1093/annonc/mdw282/-/DC1)).

Paired ^18^FDG-PET scans were evaluable in 21 non-diabetic patients. A weak correlation between exposure and change in tumor FDG uptake from baseline to cycle 1, days 3 and 4 was seen in 19 of 21 patients ([supplementary Figure S3, available at *Annals of Oncology* online](http://annonc.oxfordjournals.org/lookup/suppl/doi:10.1093/annonc/mdw282/-/DC1)). Seven patients (33%) showed a reduction of \>25% in FDG uptake between baseline and days 3 or 4, indicating target modulation. However, the number of patients with solid tumors having an early FDG-PET response (four patients) was too low to allow a correlation with RECIST response.

response {#mdw282_s3f}
--------

Of the 48 patients with solid tumors (dose-escalation, MTD expansion, and diabetic cohorts combined), clinical responses were observed only in patients from the MTD expansion cohort. One patient (2%) had a complete response (CR), 2 (4%) had a partial response (PR; 1 confirmed, 1 unconfirmed), 15 (31%) achieved stable disease, and 15 (31%) had disease progression by investigator assessment, according to RECIST version 1.1. Seven patients (15%) had disease progression by clinical judgment and eight patients (17%) were not assessed.

The patient with a CR had endometrial carcinoma with mutations in *PIK3CA* and *PTEN*, and complete PTEN protein loss, and achieved a CR after 10 cycles (Figure [2](#MDW282F2){ref-type="fig"}A). Details of specific mutations are presented in [supplementary Table S5, available at *Annals of Oncology* online](http://annonc.oxfordjournals.org/lookup/suppl/doi:10.1093/annonc/mdw282/-/DC1). The patient with a confirmed PR had estrogen receptor-/progesterone receptor-positive, *HER2*-negative, *PIK3CA* wild-type breast cancer; the patient with an unconfirmed PR had estrogen receptor-/progesterone receptor-positive, *HER2*-positive breast cancer, with a *PIK3CA* mutation (PTEN status unavailable for both patients). Of the 15 patients with stable disease, 6 had stable disease ≥6 cycles, including: 1 patient with endometrial carcinoma in the 0.4 mg/kg cohort who experienced stable disease (\>25% tumor reduction) for 8 cycles and had *PIK3CA* wild-type, *KRAS*-mutant status and unknown PTEN status; 1 patients with PTEN loss (with endometrial cancer, treated at 0.8 mg/kg); and 1 patient with breast cancer and mutated *PIK3CA* (PTEN unknown) treated at 0.8 mg/kg. Of the 10 patients without complete PTEN loss, none had objective response or stable disease for \>4 cycles.Figure 2.Radiologic response to copanlisib with corresponding status of tumor *PIK3CA* mutation, PTEN protein loss by immunohistochemistry, and *PTEN* mutation (A) and metabolic response to copanlisib (percentage change from baseline in SUV~max~ from ^18^FDG-PET) with corresponding status of tumor *PIK3CA*, *PTEN*, and *KRAS* alteration (B), in patients with solid tumors, and radiologic response to copanlisib with corresponding status of tumor *PIK3CA* mutation, PTEN protein loss by immunohistochemistry, and *PTEN* mutation in patients from the NHL expansion cohort (C), treated with 0.8 mg/kg copanlisib. ^a^Loss defined as 0% of tumor cells staining positive for PTEN by immunohistochemistry; ^b^positive defined as ≥5% of tumor cells staining positive for PTEN by immunohistochemistry; ^c^low defined as 1% to \<5% of tumor cells staining positive for PTEN by immunohistochemistry. ^18^FDG-PET, \[^18^F\]-fluorodeoxyglucose positron emission tomography; Bl, bladder cancer; Br, breast cancer; Chol, cholangiocarcinoma; CR, complete response; DLBCL, diffuse large B-cell lymphoma; End, endometrial carcinoma; Esoph, esophageal cancer; FL, follicular lymphoma; Gast, gastric cancer; NA, not available; NHL, non-Hodgkin\'s lymphoma; NSCLC, non-small-cell lung cancer; Ov, ovarian cancer; Panc, pancreatic cancer; PD, progressive disease; PI3K, phosphatidylinositol 3-kinase; PR, partial response; RECIST, Response Evaluation Criteria in Solid Tumors; SD, stable disease; SUV~max~, maximum standardized uptake value; Thy, thyroid carcinoma.

Of the 14 patients with solid tumors who were treated at the MTD (0.8 mg/kg) with at least 1 response assessment carried out and PTEN immunohistochemistry data available, 7 had complete PTEN loss, of whom 3 (43%) had either CR, PR, or stable disease lasting ≥6 cycles. Seven patients did not have PTEN loss, of whom none had CR, PR, or stable disease (*P* = 0.192 compared with PTEN loss group). No clear relationship was identified between *PIK3CA* mutational status (*P* = 1.0) and disease control (CR, PR, or durable stable disease).

Change in ^18^FDG-PET uptake did not have any apparent relationship to *PI3KCA* mutational status, PTEN expression level, PI3K pathway activation, or *BRAF*/*KRAS* mutational status (Figure [2](#MDW282F2){ref-type="fig"}B). One patient with breast cancer with an objective response showed early changes in PET imaging that preceded the objective response.

All nine patients with NHL were evaluable for response by investigator assessment using the International Working Group criteria \[[@MDW282C19]\]. One FL patient achieved a CR as best response, six patients had PR as best response (five with FL and one with DLBCL), and two patients with DLBCL had disease progression (Figure [2](#MDW282F2){ref-type="fig"}C); *post hoc* follow-up radiologic review carried out for eight of the nine NHL patients with radiology imaging determined that two FL patients had achieved a CR. In addition, two FL patients had long-term durable responses (Figure [2](#MDW282F2){ref-type="fig"}C), one of whom was on treatment for ∼4 years before coming off study because of disease progression; the other patient was still on treatment as of 19 January 2016 (\>3 years).

All seven NHL responders had *PI3KCA* wild-type status; by immunohistochemistry, one patient had complete PTEN loss, two had low PTEN expression, two had positive PTEN expression, and two had unknown PTEN expression (Figure [2](#MDW282F2){ref-type="fig"}C). Both patients with disease progression had low PTEN expression.

discussion {#mdw282_s4}
==========

This first-in-human phase I trial established that copanlisib can be safely administered intravenously to patients with advanced malignancies. The MTD for copanlisib was 0.8 mg/kg once weekly, and copanlisib was generally well tolerated in a small cohort of six diabetic patients treated at 0.4 mg/kg (highest dose tested). The most common drug-related AEs were metabolic (hyperglycemia), gastrointestinal (nausea and diarrhea), and cardiovascular (hypertension). Drug-related pneumonitis was reported in two patients, consistent with the known safety profile of mTOR/PI3K pathway inhibitors \[[@MDW282C20]\]. No severe metabolic complications were reported. Most AEs were managed with dose modifications, and there was only one drug-related AE leading to permanent discontinuation \[left ventricular systolic dysfunction (DLT)\], which resolved after discontinuation.

Blood glucose elevations have been reported with other PI3K/AKT/mTOR inhibitors \[[@MDW282C7], [@MDW282C17]\] and are a likely on-target class effect via inhibition of insulin signaling \[[@MDW282C21], [@MDW282C22]\], and were thus extensively monitored here in this first-in-human study. Blood glucose values typically peaked 5--8 h after the start of copanlisib infusion, and declined to pre-diabetic levels 24--48 h after infusion and to normal levels before the start of the next infusion. The transient hyperglycemia was not a DLT for patients treated at the MTD of 0.8 mg/kg infused weekly, 3 weeks on and 1 week off. The extent to which food intake confounded post-infusion blood glucose values was not ascertained. The incidence of drug-related all-grade (63%) and grade 3 (29%) hyperglycemia was higher with copanlisib than reported in other phase I studies with pan-class I PI3K inhibitors \[[@MDW282C7], [@MDW282C9], [@MDW282C11]\] (all-grade: 7--37%; grade 3: \<10%), but such differences could be related to the routes of administration, the timing of blood sampling \[[@MDW282C9], [@MDW282C11]\], or using gradings not taken from the National Cancer Institute Common Terminology Criteria for Adverse Events \[[@MDW282C7]\]. Overall, no long-term consequences of the transient hyperglycemia were apparent; the mean hemoglobin 1Ac levels were broadly unchanged. Likewise, treatment of six diabetic patients with 0.4 mg/kg copanlisib appeared to be feasible.

The incidence and severity of gastrointestinal toxicities due to copanlisib were low; nausea was the most common drug-related gastrointestinal toxicity (37%; all events grade ≤2) and diarrhea was less common (all-grade: 16%; grade ≥3: 2%). Elevated aminotransferase was primarily an incidental laboratory toxicity finding and was mostly grade 1; grade ≥3 in five patients. For orally administered PI3K inhibitors, the reported incidence of all-grade and grade ≥3 diarrhea ranged from 32% to 92% \[[@MDW282C5]--[@MDW282C9]\] and 9% to 20% \[[@MDW282C5], [@MDW282C6], [@MDW282C8]\], respectively, while the reported incidence of grade ≥3 elevations in aminotransferases was up to 25%, and serious gastrointestinal toxicity, such as colitis, was reported in 4% of patients \[[@MDW282C5], [@MDW282C6]\]. Although these toxicities are considered class effects of PI3K inhibitors \[[@MDW282C6], [@MDW282C11], [@MDW282C16], [@MDW282C23]\], their reduced incidence and severity seen with copanlisib suggests that the route of administration may play a role, and that higher concentrations in the gut, and possible first-pass metabolism, could be dose-limiting for oral agents. Consistent with this profile, intravenous administration of a dual PI3K/mTOR inhibitor with pan-PI3K inhibitory activity has demonstrated low incidence of both diarrhea (14%, grade 1 only) and elevated aminotransferase grade ≥3 (5--7%) \[[@MDW282C11]\].

A transient increase in blood pressure and return to baseline within 24 h was seen following copanlisib infusion, and overall incidence of drug-related all-grade and grade 3 hypertension was 21% and 14%, respectively. Hypertension was not reported as an AE for other pan-PI3K inhibitors \[[@MDW282C7], [@MDW282C11]\], including the intravenous pan-PI3K/mTOR inhibitor \[[@MDW282C9]\]. Frequent monitoring, as used here in a first-in-human study, may account for some of the reported differences, particularly for an intravenous agent \[[@MDW282C11]\]. The rapid onset and preclinical evidence of peripheral vasoconstriction following copanlisib administration in laboratory animals (Bayer, data on file) would suggest a direct effect on the vasculature, possibly involving dysregulation of endothelial-derived vasoconstrictors and vasodilators \[[@MDW282C24]--[@MDW282C27]\]. Acute elevation of insulin in the presence of PI3K blockade may also be involved \[[@MDW282C27], [@MDW282C28]\].

There is increasing evidence in animal models that complete transient target inhibition with intermittent dosing of PI3K inhibitors may be equally effective as or more effective than continuous dosing regimens with less toxicity and chronic feedback reactivation \[[@MDW282C15], [@MDW282C29]--[@MDW282C32]\]. Copanlisib displayed a dose-proportional increase in exposure, up to and including at the MTD (0.8 mg/kg). It is interesting to note that at the MTD, *C*~max~ levels of unbound copanlisib (∼150 nM) would be expected to greatly exceed the *in vitro* cellular IC~90~ for all PI3Kα and PI3Kδ isoforms (Paul et al., submitted), resulting in complete inhibition of PI3K signaling, whereas 1 week after copanlisib administration, the concentration of unbound copanlisib in the blood (1.6 nM; range, 0.9--7.6) would be at or below the *in vitro* cellular IC~50~ values but well below the IC~90~ values and thus consistent with a transient inhibition mechanism of action. The early concentration--time profile and the long plasma half-life (∼38 h) indicate a wide tissue distribution of copanlisib and, together with the observed lack of accumulation between days 1 and 15, support once-weekly intravenous administration. Recent analyses indicate that an intermittent dose schedule of 60 mg weekly on days 1, 8, and 15 of a 28-day cycle was likely to achieve a similar risk:benefit ratio as 0.8 mg/kg weight-based dosing \[[@MDW282C33]\], and fixed dosing is being explored in ongoing studies.

Shortly after administration, copanlisib exposure positively correlated with plasma glucose levels, and ^18^FDG-PET data revealed a decrease in tumor glucose uptake post-infusion in most patients studied, irrespective of *PI3KCA* mutational status, PTEN expression level, PI3K pathway activation, or *BRAF*/*KRAS* mutational status. These preliminary data suggest rapid onset of copanlisib pharmacodynamic activity (48--72 h post-infusion), suggestive of copanlisib-mediated inhibition of tumor PI3K signaling. The use of maximum standardized uptake as a measure of tumor metabolic burden has been previously described as a prognostic marker in various tumor types, including NHL \[[@MDW282C34], [@MDW282C35]\], and may indicate pharmacodynamic and anti-tumor activity \[[@MDW282C36]\]. Although the ^18^FDG-PET sample size was relatively low (*n* = 21), the pharmacodynamic data may support the use of hyperglycemia as a biomarker for anti-tumor activity in patients with solid tumors and NHL; one patient with an objective response had early changes in PET imaging.

Most patients had tumors that were wild-type for *PI3KCA*, although PTEN loss or low expression was commonly observed; 47% had PI3K pathway activation (via either *PIK3CA* mutation or PTEN loss), similar to that reported (46%) in a previous study of PI3K inhibition in patients with advanced solid tumors \[[@MDW282C7]\]. As an objective of this study, a minimum number of patients with *PI3KCA* mutations were enrolled in the solid-tumor MTD expansion phase. Copanlisib response may be enhanced among patients with PTEN loss, although there was no apparent association between *PI3KCA* mutational status alone and objective tumor response (*n* = 22) or ^18^FDG-PET response (*n* = 15) to copanlisib, and conclusive interpretations are difficult based on the relatively small number of patients assessed.

There were two PRs (metastatic breast cancer) and one CR for an overall response rate of 6% for patients with solid tumors. The CR was observed in a patient with endometrial cancer and tumor PI3K pathway activation.

The response rate in NHL patients, and particularly the 100% response rate for FL, was promising compared with previous reports for other PI3K inhibitors in patients with indolent NHL \[[@MDW282C5], [@MDW282C6], [@MDW282C37]\], and consistent with preclinical activity of copanlisib *in vitro* and *in vivo* against lymphoid cells \[[@MDW282C38]\]. Two FL patients received long-term treatment with copanlisib, one of whom achieved a CR. The clinical activity of copanlisib is being further explored for indolent NHL \[Phase III: NCT02369016 (monotherapy), NCT02367040 (in combination with rituximab), NCT02626455 (in combination with standard immunochemotherapy: either rituximab with bendamustine, or rituximab with cyclophosphamide, doxorubicin, vincristine, and prednisone/prednisolone)\] and aggressive NHL \[Phase II: NCT02455297 (monotherapy)\].

Finally, pan-class PI3K inhibitors administered intravenously once weekly may have attractive properties \[[@MDW282C11]\], including improved patient adherence \[[@MDW282C39]\] and potentially less gastrointestinal toxicity (diarrhea, colitis, nausea, vomiting, and aminotransferase elevations) \[[@MDW282C5]--[@MDW282C9]\], compared with orally administered isoform-selective and pan-class I PI3K inhibitors. Reports also indicate that the severity of gastrointestinal AEs with oral agents may increase over time \[[@MDW282C5], [@MDW282C8]\], suggesting cumulative toxicity, and the resulting dose interruptions and/or dose reductions may negatively impact on clinical efficacy. Greater PI3K pathway inhibition may also be possible with intravenous compared with oral agents, through both higher peak and sustained drug concentrations. Pan-PI3K inhibitors are amenable to combination with other targeted agents to overcome resistance \[[@MDW282C40]\] and can be more active than isoform-selective agents \[[@MDW282C41]\]. Evidence exists for functional redundancy among PI3K isoforms, and residual activity via unblocked isoforms may permit cell survival \[[@MDW282C42]\]; this is an area of active investigation with copanlisib.

In summary, copanlisib administered intravenously on an intermittent dose schedule on days 1, 8, and 15 of a 28-day cycle in the 0.1--0.8 mg/kg (MTD) dose range was generally safe and well tolerated, with a dose-proportional pharmacokinetic profile supportive of weekly dosing. The incidence and severity of gastrointestinal toxicity were relatively low. For patients with type 2 diabetes mellitus, a dose of 0.4 mg/kg copanlisib appeared equally safe. Copanlisib showed promising anti-tumor pharmacodynamic activity and preliminary clinical benefit in patients with a range of advanced solid tumors and in patients with NHL, including FL and DLBCL. Further studies of copanlisib safety and efficacy are warranted.
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[^1]: ^a^One patient in cohort 4 with a solid tumor had received prior rituximab because of follicular lymphoma diagnosed several years after the solid tumor but also before study entry (second tumor; allowed in study protocol).

[^2]: ECOG, Eastern Cooperative Oncology Group; mTOR, mammalian target of rapamycin; NHL, non-Hodgkin\'s lymphoma; NSCLC, non-small-cell lung cancer; PI3K, phosphatidylinositol 3-kinase.

[^3]: ^a^Mutational status was assessed by BEAMing (Sysmex Inostics GmbH, Hamburg, Germany) and/or next-generation sequencing of DNA isolated from tumor tissue, and/or by BEAMing of circulating tumor DNA.

[^4]: ^b^Next-generation sequencing was not carried out on samples from the dose-escalation cohorts.

[^5]: ^c^Cases with mutations detected by one test but not the other were designated mutant.

[^6]: ^d^PTEN loss: 0% of tumor cells staining positive for PTEN by IHC; low PTEN: 1% to \<5% staining positive; no PTEN loss: ≥5% staining positive.

[^7]: BEAMing, beads, emulsions, amplification, and magnetics technology; ctDNA, circulating tumor DNA; IHC, immunohistochemistry; ND, not determined; NHL, non-Hodgkin\'s lymphoma; PI3K, phosphatidylinositol 3-kinase.

[^8]: ^a^All AEs were defined according to National Cancer Institute Common Terminology Criteria for Adverse Events version 3.0.

[^9]: ^b^The two drug-related AEs of grade 4 as worst grade were hyperglycemia and increased aspartate aminotransferase in one patient in the 1.2 mg/kg cohort (dose-limiting toxicities).

[^10]: ^c^Drug-related AEs of grade 3 or 4 occurring in \<10% of patients treated at the 0.8 mg/kg dose level were: two cases of drug-related grade 3 non-infectious pneumonitis in two patients with NHL; one case of grade 3 hypoxia (reported concomitantly with one of the cases of non-infectious pneumonitis in a patient with NHL); grade 3 decreased white blood cell count with fever ≥38.5°C in one patient with NHL; one case of grade 4 increased amylase in a patient with NHL; grade 3 anemia in one patient with NHL; grade 3 dyspnea and dizziness, both in one solid-tumor patient (infusion reaction); and grade 3 chest pain in one solid-tumor patient.

[^11]: AE, adverse event; NHL, non-Hodgkin\'s lymphoma.

[^12]: ^a^Geometric mean (% coefficient of variation) given for *n* ≥ 3, range given for *n* = 2, and individual data given for *n* = 1.

[^13]: ^b^*n* = 2.

[^14]: ^c^Erroneous dosing in one of the three patients in the 1.2 mg/kg cohort.

[^15]: ^d^*n* = 34.

[^16]: ^e^*n* = 7.

[^17]: ^f^*n* = 1.

[^18]: ^g^*n* = 4.

[^19]: ^h^*n* = 16.

[^20]: ^i^*n* = 8.

[^21]: ^j^*n* = 28.

[^22]: ^k^*n* = 6.

[^23]: ^l^*n* = 22.

[^24]: ^m^*n* = 36.

[^25]: ^n^*n* = 21.

[^26]: ^o^*n* = 35.

[^27]: AUC~(0--25)~, area under the curve from time zero to 25 h after start of infusion; AUC~(0--tlast)~, area under the curve from time zero to the last time point above the lower limit of quantification; *C*~max~, maximum drug concentration; MTD, maximum tolerated dose; NC, not calculated; NHL, non-Hodgkin\'s lymphoma; *t*~1/2~, half-life associated with the terminal slope; *t*~last~, time zero to the last time point above the lower limit of quantification; *t*~max~, time to maximum drug concentration.
